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Introduction
Cystic Echinococcosis (CE) or hydatid disease, is caused by the tapeworm Echinococcus granulosus (Cestoda, Taenidae) and is one of the most widespread parasitic diseases in the Mediterranean region (Eckert et al., 2001; Dakkak, ... 2010 ). The disease is endemic in Italy, being most prevalent in the southern regions and the islands of Sardinia and Sicily (Garippa et al., 2004; Garippa & Manfredi, 2009) . Previous studies at abattoirs in northern Italy showed prevalence values below 1 % in both sheep and cattle (Garippa et al., 2004; Garippa & Manfredi, 2009) . In humans, the mean annual CE incidence rates per 100,000 in the population (surgical cases) in southern Italy were 6.62 -9.77, 2.30 and 2.33 in Sardinia, Sicily and Apulia, respectively; data from northern Italy reported a mean annual incidence rate of surgical cases equal to 1.57 per 100,000 inhabitants in Emilia Romagna and 9 CE cases in Veneto between 2000 and 2003 (Gabriele et al., 2004; Conchedda et al., 2010) . In an epidemiological study based on molecular approach, it was determined that the genotypes G1, G2 and G5 of the E. granulosus complex are circulating among cattle from North Italy even in Lombardy (Casulli et al., 2008) . Reliable data on prevalence in humans are actually few. The clinical presentation of the disease in humans is complex, as echinococcal cysts may remain clinically silent for years, and the compulsory notification of CE to the Italian Ministry of Health has been discontinued since 1991 (D. Min. San. 15.12.1991) . Thus, prevalence of CE in humans may be underreported. On the other hand, the European Directive 2003/99/CE and the subsequent Italian regulations (Italian D.L. 4 April 2006, n. 191 ) officially included CE among zoonoses under surveillance. As CE is strictly related to zootechnical production, the aim of this paper was to assess prevalence of CE in intermediate hosts (both animals and humans) in Lombardy, the most populated area in northern Italy, which has the largest share of land allocated to agricultural and zootechnical uses. Prevalence of infection due to Echinococcus was also assessed in definitive hosts. HELMINTHOLOGIA, 48, 2: 59 -66, 2011 Prevalence of echinococcosis in humans, livestock and dogs in northern Italy The recorded data of infected cattle belonging to Lombard farms and data from the Cattle National Register were checked to select only cattle born or bred for more than two years in Lombardy. Cattle kept on Lombard farms for only several days or weeks were not included in this study. Thus, a total of 112,521 cattle from 5708 farms were selected. For each host species the presence of hydatid cysts was assessed at the abattoir. Hydatid cysts were removed from the animals'organs and evaluated in a laboratory. They were counted and ranked as: fertile cysts, sterile cysts, cysts with purulent inflammation and/or caseous necrosis and calcified cysts. Cysts were dissected, and their germinal layer and protoscoleces were collected. The viability of protoscoleces was assessed by morphology, movement and presence of flame cells and, when necessary, by neutral red viable staining . A geographical information system (GIS) was established utilizing the administrative boundaries (at provincial and Youden's index (J) was applied to evaluate the reliability of the diagnostic test (Armitage & Berry, 1987) .
Assessment of CE infection in humans
Data from CE human cases in Lombardy were collected by inspecting hospital discharge records ( 
Results

CE infection in animal hosts
Infection with Echinococcus sp. in intermediate hosts was detected in 3 out of 822 sheep (P = 0.36 %; 95 % confidence interval [CI] : 0.12 % -1.06 %) and 321 out of 112,521 dairy cattle included in this study (P = 0.29 %; 95 % CI: 0.26 % -0.32 %) ( Table 1) . None of the examined goats showed hydatid cysts. Infected sheep originated from an abattoir in Lecco province. Among adults (446 animals), the percentage of CEpositive sheep was 0.67 % (95 % CI: 0.23 % -1.95 %), while none of the 376 lambs were infected with CE. Sheep examined at the abattoirs were also positive for other zoonotic parasites, such as the trematodes of genera Dicrocoelium and Fasciola, and the larval cestode Cysticercus tenuicollis (P = 10.9 %, P = 0.36 % and P = 0.61 %, respectively).
Cattle with hydatid cysts were almost all females (96.9 %) and ranged from 1 to 17 years old (median ± SD = 6.0 ± 3.1 years old). The main races were Holstein and Brown Swiss (77 % and 8 %, respectively); the remaining animals belonged to other minor races or were half-breed. Infected cattle originated from 285 of 5708 farms (4.99 %) in the survey; these farms were distributed among 195 of the 812 municipalities included in this study (24.01 %). On farms with animals positive for CE, the rate of infected animals was 2.86 % (95 % CI: 2.57 % -3.18 %; a total number of 11,222 slaughtered cattle). The number of infected cattle ranged from 1 to 5 animals per farm; specifically, 90.5 % of the farms had 1 infected head, 7 % had 2 heads, 1.75 % had 3 heads, and 0.35 % had 4 or 5 heads. A cartographic representation of the location of these farms was performed in the GIS system and a choropleth map depicting infection spread was created at municipality level ( Fig. 1) . Table 2 . A total of nine hundred and twenty hydatid cysts were collected, four hundred and sixty four (50.43 %) were from lungs and four hundred and fifty six (49.57 %) were from liver. The frequency of fertile cysts was lower than other categories (calcified and purulent/caseous type) and they were only found in lungs (13.6 %). With regard to definitive hosts, coprological analyses indicated that 9 of the 40 sheepdog faeces samples harboured taeniid eggs (22.5 %), and one dog was infected with Sarcocystis sp. Enzyme-linked immunosorbent assay (CA-ELISA) confirmed 8 Echinococcus coproantigen-positive faecal samples from dogs (20 %), 2 of which contained taeniids eggs as determined by coprological examinations (Table 3) . PCR analysis performed on dog faeces confirmed only one case of E. granulosus infection in a dog from the province of Lecco. We used PCR results as the gold standard for assessing the sensitivity and specificity of CA-ELISA. Diagnostic data on the coprological prevalence of E. granulosus in sheepdogs are shown in Table 4 . Apparent prevalence was 20 %, whereas true prevalence decreased to 2.5 %. in Lombardy. Ninety-seven patients (62 %) were male, and 59 (38 %) were female. Hepatic involvement was diagnosed in 124 patients (79 %), 25 of whom (20 %) underwent surgery. Cysts were also found in lungs (13.5 %) and other organs (7 %). Total hospital stay was 1,372 days (1,286 for inpatients, and 86 for day-hospital patients). The mean hospital stay was 11 days for inpatients and 2 days for day-hospital patients. Total costs for the regional health system were € 483.608,00, with €471.173 for inpatients and €12.435 for patients seen on a day-hospital basis. The prevalence of CE (number of cases per 100,000 inhabitants) was highest in the oldest age class (Table 5) . Most patients (73.3 %) were residents in northern regions: 72.4 % lived in Lombardy and 1.9 % were from Piedmont; the remaining patients were from central and southern Italy (Latium 1.2 %, Tuscany 0.6 %, Apulia 2.5 %, Calabria 5.1 %, Sicily 2.5 %, Sardinia 6.4 %) or from other countries (7 %). The prevalence of CE among residents of Lombardy was higher in Brescia and Cremona than in other provinces (Table 6 ). 
CE infection in humans
Discussion
Our data confirm that animal CE is hypoendemic in Lombardy. In cattle, the prevalence of CE seems to be sporadic, with 1 -5 animals positive for CE per farm. Our findings agree with those previously collected at the same abattoir (INALCA S.p.A.) and reported by Fattori et al. (2000) . Their study showed a prevalence of 0.2 % in slaughtered cattle originating from farms of northern Italy (we herein report prevalence of 0.29 % in Lombardy). In the present study CE prevalence in sheep from Lombardy (0.36 %) was lower than the one found in other areas of northern Italy according to the above named study (Garippa et al., 2004) . Data collected in sheep (a total of 1418 sheep) from Piedmont revealed a 0.63 % prevalence of CE (95 % CI: 0.31 -1.24 %), whereas none of the examined goats (208 goats) were positive for CE (Manfredi & Di Cerbo, unpublished data) . However, while data on CE in cattle fairly correctly indicate the prevalence of CE because they were collected from animals of all ages, the lower prevalence seen in small ruminants might be due to the fact that old sheep and goats are rarely slaughtered under veterinary control. Thus, the real CE prevalence might be underestimated given that only data from young animals are reported. As to cattle, most animals were housed indoor and could enter an outdoor paddock. They originated from farms surrounded by wide fields, where green fodder is produced and still supplemented to the diet of dairy cattle. The origin of cattle infection could reasonably be due to contamination of these fields by sheepdogs that follow transhumant flocks. Transhumance is still practiced in Lombardy and sheep are moved seasonally, from alpine pastures to lowlands in winter and vice versa in summer. Displacement analysis of several transhumant flocks of 400 to 2000 sheep, each moving seasonally in Lombardy, indicate that they follow the main routes (north to south) passing through Bergamo and Brescia provinces down to the River Po plain areas (Manfredi & Di Cerbo, unpublished data). Here, farms showing infected cattle seem to be located along the routes followed by transhumant sheep herds. Sheepdogs or farm dogs could become infected with Echinococcus by ingestion of offal from sheep found dead near the farms or discharged after home slaughtering of sheep; subsequently, their faeces might contaminate the fields, causing the enclosed cattle to become infected via ingestion of green fodder contaminated with taeniid eggs. However, the low prevalence (2.5 %) of infected dogs coupled with the low quantity of green fodder in the diet of the enclosed cattle explained the low prevalence of CE also shown in cattle. Otherwise, it is important to note that a lot of municipalities were involved in the parasite cycle, and that they were mostly located in the River Po plain (see map). Thus, infected cattle might be a little higher in number than what resulted in the study; in fact, cattle from alpine areas are usually slaughtered in small local abattoirs, which made it impossible to us to register more cases of CE in cattle from there. Furthermore, the presence of Echinococcus in those areas is evidence of human health risk, though not yet considered for such places as they are not pertaining to traditionally harmful sites as the ones associated to sheep breeding. Another observation emerging from the analysis of epidemiological data on farm animals is that data collected at the abattoir, mainly that regarding sheep and goats, cannot depict correctly the epidemiological scenario in a region like Lombardy with a low endemicity for CE. Collected data confirm that epidemiological surveys are needed to monitor this important zoonosis and a different approach could be required (as serology) to detect CE in intermediate hosts. This is what is strongly suggested by data reported in the last EFSA report (2010) still minimizing the impact of the most important zoonoses known given the fact that no human cases of CE is reported from 2004 to 2008 in Italy; nonetheless, actual data should enhance concern on the issue, as Conchedda et al.,(2010) demonstrated indicating an incidence rate of clinical cases similar to 14.0 per 100,000 inhabitants from pastoral areas.
CE in humans
Clinical presentation of CE in humans is complex and polarized, as it may remain clinically silent for years, but may also feature life-threatening complications (e.g., anaphylactic shock, paralysis, embolism) depending on the cyst stage and location. CE in humans is usually diagnosed incidentally during the work-up for other clinical problems or due to complications; hence, its true incidence is difficult to determine. In Italy, compulsory notification of CE to the Italian Ministry of Health was discontinued in 1991, and consistently with the current legislation, the Ministry of Health requires only a summary of the regional cases. Therefore, data of CE are no longer submitted to the Central Institute of Statistics (ISTAT), thus making the assessment of human CE prevalence more burdensome. To circumvent this problem, and following the pioneering work by research group of Ostanello in Emilia Romagna (Ostanello et al., 1997) , we analyzed Hospital Discharge Records (HDR) to study the prevalence of the disease in our region. Analysis of HDR has several advantages; in fact, a quick access to their database (where available, as some regions do not store data via electronic files) allows the collection of information, such as: number of hospitalization days, expenses charged to National Health Service (NHS), number of residents hospitalized in other Italian regions, and non-surgical cases. It is, however, impossible to determine the occupation of patients, which could help to establish assessments for infection risk and procedures leading to diagnosis, and to obtain information about cyst stages (active, transitional or inactive) (World Health Organization Informal Working Group, 2003) , or the type of procedures used. Moreover, data of outpatients are missing because these patients are not admitted or discharged, which greatly impairs the quality of results. Despite these challenges, the figures of human CE prevalence were higher than expected, given the low CE prevalence in animals and the fact that Lombardy has traditionally been considered a low prevalence area. Specifically, our figures (156 CE-related admissions) are higher than those obtained in Tuscany (Montinaro et al., 2004) , Emilia Romagna , and Apulia (Punzo et al.,, 2002) , who reported 695 cases in 1997 -2002, 511 in 1995 -2001, and 468 in 1996 -2000, re- spectively. This indicates a mean per year of 116 cases in Tuscany, 73 cases in Emilia Romagna, and 93 cases in Apulia. It is not clear, however, whether patients with CE in Lombardy were born there or in other endemic regions, where they first became infected before migrating to Lombardy. Data on patients' region of birth were not available. We speculate that these limitations could be overcome, at a relatively low cost, with the establishment of a National .....
Registry for CE based on Internet electronic data entry, following the example set by the European Registry for Alveolar Echinococcosis (Kern et al., 2003) . The registry would streamline and further the study of CE by eliminating the need for evaluating and integrating separate data from multiple regions, by avoiding duplication of data from patients who access several different health facilities over time, and by providing much needed clinical and epidemiological data that are fully accessible to single clinicians. The registry would also include data from outpatients, and avoid conflicting data from the hospitalization of subjects seen regularly as outpatients. Data collected in intermediate and definitive hosts demonstrated the presence of an autochthonous cycle of E. granulosus in Lombardy. The presence of hydatid cysts in cattle from an intensively managed cattle area indicates a possible zoonotic risk for humans. However, cattle are unlikely to contribute to E. granulosus spread, as cattle are regularly slaughtered and their offal appropriately discharged. Furthermore, G1 was the dominant strain in the region and cysts with G1 (common sheep strain) are unfertile or exhibit low fertility in cattle . Thus, we assume that the spread of E. granulosus is predominantly linked to the sheep-dog cycle in Lombardy as it is in the Italian regions endemic for CE. The low prevalence of CE found in sheep and goat might be a consequence of the young age of slaughtered ruminants and the home slaughtering of sheep, as it is known to be practiced. The cattle-adapted Echinococcus ortleppi, which causes mostly fertile pulmonary cysts and is characterized by the rapid growth of adult worms in dogs (Thompson & McManus, 2002) , has been recently found in cattle bred in Lombardy (Casulli et al., 2008) . Whether this constitutes a potential risk for humans in Lombardy (anecdotal reports exist of cysts caused by E. ortleppi in humans) remains to be seen and warrants further research. Prevalence rates in humans turned out to be higher than expected for a region deemed non-endemic, although it was impossible to determine whether CE infection had occurred locally or was transmitted from other regions with higher endemicity. Nevertheless, costs sustained by Lombardy Regional Health System were remarkable. Although incomplete, these data provide a more realistic picture of the prevalence of CE in northern Italy, especially if we compare our data with the official reports published, for instance, by the European Food Safety Authority, EFSA, which reported no human cases in Italy during 2004 (European Food Safety Authority, 2005 , 2010 . Our studies strongly suggest that assessment of the prevalence of human CE remains a difficult, costly, time-consuming and labour-intensive task. Our proposal for the National Registry of Cystic Echinococcosis could offer a solution to a number of problems hampering data collection in this field. CE warrants more attention from clinicians, and coordination with veterinarians and policy-makers is required to implement a more effective approach for CE control.
